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Preface

The Convention orbong Range Transboundary Air Pollutig€LRTAP) was adopted in
1979 and entered into force in 83 The Convention has been extended by eight Pristoco
of which Iceland has ratified the Protocol on Persistent Organic Pollutants.

According to Article8 of the ConventionPartiesshall exchange information on emisssari
pollutants. To comply with this requirement, Iceland has preparethBbrmative Inventory
Report (IR) for the year 208. The IIR together with the associatddomenclature for
Reporting tables NFR) IS |l cel andds contribution to
Convention, and covers emissions in the period 192007. Since Iceland has ratified the

Protocol on Persistent Organic Pollutants this report covers the emissions of those pollutants.

ThellR is written by the Environment Agency of Iceland (EA)

EnvironmentAgency of Iceland, Reykjavik)ctober2009
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EXECUTIVE SUMMARY

Background

The Convention on Lor&ange TransboundaAjr Pollution entered into force in 1983. The
Convention has been extendeygleight Protocolspf which Iceland has ratified therotocol

on Persistent Organic PollutanBOPs) The Protocol on Persistent Organic Pollutants
entered into force in 2003. As a party to the protocol Iceland is required to report annually
data on emissions of air pollutants covered in the protocols fEport together with the
associated NFR tables covers emissions of P@#&lgcdyclic aromatic hydrocarbon®AH)

and dioxins) in the period 19902007.

Trends in emissions and removals

From 1990 to 20Demissions of PAH4 have increased#®%. The largest contributd?AH4
emissions in Icelandreindustrial processe$ollowed byroad transport.
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Figure ES.1 Trend in PAH4 emissiongrom 1990 to 2007.

From 1990 to 20D emissions of dioxins decreased B$%. The largest contributoof
dioxins emissions in Icelant waste incineration with and without energy recoyéijowed
by fishing.
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Figure ES.2 Trend in dioxins emissiongrom 1990 to 2007.

Structure of the report

The first chapter of this report provides general informatiorthe institutional arrangements

for inventory preparation, on the inventory preparation process, methodologies and data
sources used. Chapter 2 gives information on emission trends and Chapter 3 gives
information on methodologies used for emissionwdalons.



1 INTRODUCTION

1.1 Background information

The 1979 Convention on LonBange Transboundary Air Pollutiavassigned by Iceland on

13" of November 1979 andatified in May 1983. The Conventioantered into force in
August1983. One of theequirements under the Convention is that Parties are to report their
national emissions by sources

The Conventionhas been extenddwny eight Protocols,of which the Protocol on Persistent
Organic PollutantdPORProtocol) has been signed andratified by Iceland The POP
Protocol was ratifiethy Iceland in May 2003 and entered into force in October 2003.

The present report together with the associMER tabes is Icelant contribution to this
round of reporting under the Convention, and covers emissfoR®Psin the period 1990
2007,

The POPsincluded in the nationa@nventory are PAH and dioxin/furansEmissions of the
greenhouse gases and frecursors NOx, NMOC and CO as well as $S@re also included
in the Icelandic Emission Inventorgnd are reported to the UNFCC@lational Inventory
Reporti Iceland 2009).

1.2 Institutional arrangement

The Environment Agency of Iceland (EA), an agency undeatispices of tMinistry for

the Environment, has overall responsibility for the national inventory. EA compiles and
maintains the emission inventoand reports to the Convention. Figure 1.1 illustrates the
flow of information and allocation of responsibilities.

CLRTAP

i

Industry: return questionnaires to EA
(activity data, process specific data, imports)

Environment Agency
(EA)

National Energy Authority: estimate fuel use by
sector

Compiles relevant activity data and emission
factors

Runs emission models

Statistics Iceland: compile statistics on live-stock,
use of fertilizers, import of fuels and solvents

Figure 1.1 Information flow and distribution of responsibilities in the Icelandic emission
inventory system for reporting to the CLRTAP



1.3 Process of inventory preparation

The EA collects the bulk of data necessary to run the general emissiah, ire. activity data

and emission factors. Activity data is collected from various institutions and companies, as
well as by EA directly. The National Energy Authority (NEA) collects annual information on
fuel sales from the oil companies. This im@tion was until 2008 provided ornvaluntary

basis In 2007 a new legislatiorAct no. 48/2007 enteredinto force, enabling the NEA to
obtain sales statistics from the oil companigtatistics Iceland provides information on
imports of solventaind other productshe use of fertilizers in agriculture and on the import
and export of fuels. The EA collects various additional data directAnnually a
guestionnaire is sent out to the industry regarding imports, use of feedstock, and production
and process specific information. EA also estimates activity data with regard to waste.
Emission factors are mdy taken from the revised Emission Imiery Guidebook (EEA
2007),the SandardizedToolkit for Identification and Quantification of Dioxin dnFuran
Releases (UNEP 20045 well as the Norwegiampors Utslipp til luft av dioxiner i Norgé
(Statistic Norway 2002and Utslipp til luft av noen miljdgifter i Norge(Statistics Norway
200)), since limited information is available from measuremehtmissions in Iceland.

1.4 Methodologies and data sources

The general emission model is based on the equation:
Emission (E) = Activity level (A) - Emission Factor (EF)
The standard equation for estimating PAH emission factor (example for B[b]F) is:

Emission factor (B[b]F ) = Emission Factor (B[a]P) - Profile ratio B[3d]P

1.5 Key source categories

A key source category is one that is prioritized within the national inventory system because
its estimate has a significant influence te total inventory ofpollutantsin terms of the
absolute level of emissions, the trend in emissions, or both.

A key source analysi®r POPs has not yet beprepared Since emission categories are few
it is, howeverpossible to point out the most important sources for the inventory.

Key sources oflioxins
- Waste incineratiofwith and without energy recovery)4% of national total
- Fishing; ®% of national total
- Industrial processesb% of national total

Key souces ofPAH4:
- Industrial processe30% of national total
- Road transport; @b of national total
- Fishing;8% of national total
- Manufacturing industry and constructid®o of national total

! Utslipp til luft av dioxiner i Norge: Air emissions of dioxins in Norway
2 Utslipp til luft av noen miljdgifter i Norge: Air emissions of several pollutants in Norway
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1.6 Uncertainty evaluation

An estimate of the quantitative uncertaintytbé IcelandicPOPemission inventory hasot
yetbeen prepared.

1.7 General assessment of the completeness

An assessment of the completenetshe emission inventory shouladdress the issues of
spatial, temporal and sectorabverage along with all underlying source categories and
activities.

In terms of spatial coverage, the emissiogported under th€LRTAP coverall activities
within | cel anndtbisreppriing iownd infarmaitiais providedon emissions
within the EMERGtid for the years 1990, 1995, 2000 and 2005

In the case of temporal coverad¢;R tablel is reported for the whole time series from 1990
to 200r, for dioxins and PAH4 HCB emissions are not estimated.

With regard to sectoral cowge some sources arpot estimated. The reason for not
including the activities/gases in the present submission is lack of data, and/or that additional
work was impossible due to time constraints in the preparation of the emission inventory.

The main sorces not estimatefdr dioxinsare

- 2A6: Road paving with asphalt
- 6D: Other waste

- 7: Other

- X:Volcanoes

The main sources not estimated for PAH4 are:

- 1A2e: Food processing, beverages and tobacco
- 1A3a: Civil aviation

- 1A3b vi: Automobile tyre and break wea
- 1A3b vii: Automobile road abrasion

- 1A3d i: International maritime navigation
- 1A4a: Commercial/institutional

- 1A4b: Institutional

- 1A5a: Other

- 2A6 Road paving with asphalt

- 2A7: Mineral wool

- 3D: Other

- 6D Other waste

- 7 Other

- X Volcanoes
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2 TRENDS IN POPsSEMISSIONS

2.1 The 1998Aarhus Protocol on Persistent Organic Pollutants (POPSs)

The Protocol on Persistent Organic Pollutamés adopteen 24 June 1998lt entered into
force on 23 October 2003. It focuses on a list of 16 substdhaeshave been singledio
according to agreed risk criterialhe substances compriséeven pesticides, two industrial
chemicals and three kyroducts/contaminantsThe ultimateobjective is to eliminate any
discharges, emissions and losses of POP®& Protocol bans thgroduction and use of some
products outright (aldrin, chlordane, chlordecone, dieldrin, enldexabromobiphenyl, mirex
and toxaphene).Others are scheduled for elimination at a later s{@jeT, heptachlor,
hexaclorobenzene, PCBs)Finally, the Protocol seerely restricts the use d@DT, HCH
(including lindane) and PCBsThe Protocol includes provisions for dealing with the wastes
of products that will be bannedt also obliges Parties to reduce their emissions of dioxins,
furans, PAHs and HCB below thdevels in 1990 (or an alternative year between 1985 and
1995). For the incineration of municipahazardous and medical waste, it lays down specific
limit values.

2.2 Emission trends

The total amount oflioxins and PAHZemitted in Iceland during the period 190007 is
presented iMable2.1 It can be seen that emissions of PAH4 have increas@@¥yfrom
1990 to 20@, whereas dioxin emission have decreased®¥ @uring the same period.

Table 2.1. Emissions oPOPs in Iceland 199071 2007.

Year Emission
PAH4 [kg] Dioxin [g I-TEQ)]
1990 537 11.3
1991 493 11.2
1992 514 10.9
1993 56.8 10.3
1994 558 9.6
1995 56.4 8.5
1996 555 7.9
1997 57.8 7.7
1998 513 7.0
1999 618 6.2
2000 75.0 5.8
2001 74.4 54
2002 784 5.3
2003 782 5.1
2004 80.8 4.4
2005 80.8 39
2006 84.3 3.8
2007 91.4 40
Trend 1990 2007 70% -65%
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2.3 Emission trends by gas
2.3.1 PAH4

The polycyclic aromatic hydrocarbons (PAH) are molecules built up of benzene rings which
resemble fragments of single layers of graphite. PAHs are a group of approximately 100
compounds. Most PAHs in the environment arise from incomplete burning of earbon
containing materials like oil, coal, wood or waste. Fires are able to produce fine PAH
particles, they bind to ash particles and sometimes move long distances through the air. Thus
PAHs have been ubiquitously distributed in the natural environmentthiogsands of years.

The four compounds benzo(a)pyren, benzo(b)fluoranthen, benzo(k)fluoranthen and
indeno(1,2,&d)pyren are used as PAH indicators for the purposes of emission inventories, as
specified in the PORProtocol.

In 1990, the total emissiord PAH4 in Iceland wereb3.7 kg. In 20(¥ total emissions were
91.4 kg This implies an increase af0% over the time period. Table 2.2 shows the
emissions by source from 1990 to Z00

Table 22 Emissionsof PAH4 by sector 1990 2007, kg.

~ 9 €25 = = = & 5

52 |232 | -~ 8 | O ¢ 2 | 89 | =5

= ©c € O b =Q c

g~ ©° =

1990 29 104 0.8 8.3 311 0.2
1991 27 107 0.7 8.6 264 0.2
1992 25 110 0.7 9.4 276 0.2
1993 0.0 2.7 11.0 0.8 9.8 324 0.2
1994 0.0 2.8 111 0.7 9.6 314 0.2
1995 0.0 35 9.8 05 9.8 326 02
1996 0.0 34 9.3 0.6 105 316 0.1
1997 0.0 4.1 8.9 0.3 102 341 0.1
1998 0.0 4.1 8.9 0.3 9.9 279 0.1
1999 0.0 45 8.0 0.2 9.7 392 0.1
2000 0.0 46 8.3 0.2 9.1 527 0.1
2001 0.0 45 8.4 0.3 8.1 530 0.1
2002 0.0 43 8.6 0.2 8.9 563 0.1
2003 0.0 47 9.0 0.4 85 556 0.1
2004 0.1 47 11.0 0.6 8.1 562 0.1
2005 0.1 4.8 114 0.3 7.9 562 0.0
2006 0.2 4.8 138 0.6 7.0 579 0.0
2007 0.2 4.9 143 08 7.2 64.0 0.0
Trend 1990 2007 - 71% 38% 3% 13% | 106% | -82%

Figure 2.1shows the main sources of emissions in7200
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Figure 2.1 Emissionsof PAH4 by sector in 2007.

The main reason for thgrowth in emissionsfrom 1990 to 200 can be explained by
increased production capacity in the #ferrous metals production sectorin 1990 one
aluminium and one ferrosilicon plant were operatétie existing aluminium plaréxpanded
in 1997and the ferrsilicon plant in1999. In 1998 a new aluminium plantsvestablished. In
2006 and 2007 that aluminium plant was expanded. In 2@®third aluminium plant in
Iceland was established. Production has thus expdratedd7.839 thousand tonnes in 1990
to 455.761 thousand tonnes in 2007 in the aluminium ingastd from 62.792 thousand
tonnes in 1990 to 114.148ousandonnes in2007in the ferrsiliconindustry

Road transport is another important source of PAH4 emissions in Iceinde 1990 the
number ofvehicles in Icelandhas increased biyearly 70%. Furthermore the latest trend has
been towards larger passenger cars which consume moreThiglhas led to increased
emissions from road transportation, a trend that is still ongoing.

Emissions from mobile sources in the construction industryaks® significant.Emissions

from the construction sector have risen, particularly in recent years, due to increased activity
rel ated to the cdtamgesthyduwopawer lagbuidt fin thé gears 200ta 6
2007)

Emissions from fishing r@sfrom 1990 to 1996 because a substantial portion of the fishing
fleet was operating in distant fishing grounasnsuming more fuel From 1996 the
emissions decreased again reaching 1990 levels #h 200

Emissions from the waste sector have decreag&2% from 199Go 200v, partly because of
close down of primitive incineration plants and open pit burnidg.the same timemore
wasteis beingincinerated with energy recovery and the resulting emissions thus reported
under the energy industries sector

13



Figure 2.2 to 2.5 showmissionsof PAH4 within the EMERGrid in 1990, 1995, 2000 and
2005.

PAH4 1990 @

[ Joo-s0
[ ]s1-100
[ 101-150
B 15.1-20.0
Bl >0.1-250
[ 25.1-30.0
[ ]301-350
[_]351-400
[ J40.1-450
] 451-500
I 50.1-55.0 0 50 100 150 200 km
Bl s5.1- 600 I L0 L~ |

Figure 2.2 Emissionsof PAH4 within the EMEP-Grid in 199Q

PAH4 1995 @
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Figure 2.3Emissionsof PAH4 within the EMEP-Grid in 1995
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PAH4 2000 @
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Figure 2.4 Emissionsof PAH4 within the EMEP-Grid in 200Q

PAH4 2005 @
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Figure 2.5 Emissionsof PAH4 within the EMEP-Grid in 2005.
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2.3.2 Dioxin

Dioxins form a family of toxic chlorinated organic compounds that share certain chemical
structures and biological characteristics. Several hundred of these compounds exist and are
members of two closely related families: the chlorinated dibenzo(p)diqkbds) and
chlorinated dibenzofurans (CDFs). Dioxins dsiccumulate in humans and wildlife due to
their fat solubility and 17 of these compounds are especially toxic. Dioxins are formed as a
result of combustion processes such as commercial or municiséd \mcineration and from
burning fuels like wood, coal or oil. Dioxins can also be formed in natural processes such as
forest fires. Dioxins enter the environment also through the production and use of
organochlorine compounds, chlorine bleaching oppand paper, certain types of chemical
manufacturing and processing, and other industrial processes are able to create small
guantities of dioxins. Cigarette smoke also contains small amounts of dioxins.

Emissions of dioxins are given in gTEQ. 2,3,7,&etrachlorodibenzp-dioxin (TCDD) is

the mosttoxic of the dioxin congeners. Other congeners (or mixtures thereof) are given a
toxicity rating from O to 1, where TCDD is 1. The total dioxin toxic equivalence (TEQ) value
expresses the toxicity as if thaxture were pure TCDD.

In 1990, the total emissions of dioginn Iceland were 1B g FTEQ. In 20Q total emissions

were4.0 g I-TEQ. This implies an decrease 65% overthe time period. Tabl2.3 shows
the emissions by source from 1990 to 200

Table 2.3 Emission®f dioxin by sector 1990 2007, g I-TEQ.

c < — = -8 5

588 |z 2| 52 2| £8 | 2%

Year o5 E o 2 £ 2 = 28 QS @
L S E ad E O E -2 g 9 ; %

T 8 = = = £

1990 0.0 0.1 0.1 0.8 0.2 10.0
1991 0.0 0.1 0.1 0.9 0.2 9.9
1992 0.0 0.1 0.1 0.9 0.2 9.6
1993 0.4 0.1 0.1 1.0 0.2 85
1994 0.4 0.1 0.1 1.0 0.2 7.8
1995 0.4 0.1 0.1 1.0 0.2 6.8
1996 0.5 0.0 0.1 1.0 0.2 6.1
1997 0.5 0.0 0.0 1.0 0.2 59
1998 0.5 0.0 0.0 1.0 0.2 53
1999 0.5 0.0 0.0 1.0 0.3 4.4
2000 0.5 0.0 0.0 0.9 0.4 4.0
2001 0.5 0.0 0.0 0.8 0.4 3.6
2002 0.5 0.0 0.0 0.9 0.4 3.4
2003 0.5 0.0 0.1 0.8 0.4 3.2
2004 0.5 0.0 0.1 0.8 0.4 2.6
2005 0.5 0.0 0.0 0.8 0.4 2.1
2006 0.7 0.0 0.1 0.7 0.5 1.8
2007 0.8 00 0.1 07 0.6 18
Trend 199G 2007 - -90% 3% -13% 178% -82%

Figure2.6 shows the main sources of emissions in7200
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Figure 2.6 Emissionsof dioxin by sectorin 2007.

Practices of waste disposal treatment have undergone a radical change in Iceland since 1990.
This is themain reason for the decline in emissidns82% from1990 to 20@. Open pit

burning that used to be the most common means of waste disposal outside the capital area, has
gradually decreased since 1994t the same timéotal amount of waste being incia¢ed

has decreased while increasing levels have been incinerated with energy recovery and thus
reported undeenergy industries Waste incineration without energy recovery is virtually
nonexistenttodayexcept from bonfirearound New Year celebrations.gradual decrease is

seen in open pit burning since 1990 and from 2005 only bonfires are included in the Waste
Incineration sector, along with emissions from one single incineration plant.

Emissions from the electricityegeration and space heating are very low because they are
generated from renewable energy sources. Emissions in this sector are dominated by
emissions from waste incineration with energy recovery.

From 1990 to 20D emissions from road transpatécreasedy 90% despite the 70% growth

in thenumber ofvehicles. This is due to phase out of leaded fuel. Further emissions have
decreased from the fishing sector as well as from the sector other transport due to less fuel
consumption in these sectorsEmissins from fishing are high compared to the fuel
consumption. The emission facdior burning fuelat sea are much higher than when
burning fuel on land, due to the presence of salt (and therefore chlorine) in the air going to the
engines.

Emissions fromindustrial processes haveacreased by 178% during theeriod due to
increased activityin the nonferrous metak production sector. Emissions from industrial
processes amount to 0.6-§EQ and account for 15% of the total emissions.

Figure 2.7 to 2.10 show themissionsof dioxin within the EMERGrid in 1990, 1995, 2000
and 2005.
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Dioxin 1990
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Figure 2.7 Emissionsof dioxinswithin the EMEP-Grid in 1990.

Dioxin 1995
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Figure 2.8 Emissionsof dioxinswithin the EMEP-Grid in 1995.
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Dioxin 2000
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Figure 2.9 Emissionsof dioxinswithin the EMEP-Grid in 2000.

Figure 2.10Emissionsof dioxinswithin the EMEP-Grid in 2005.
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